in the olfactory bulb. These secondary neurons project axons to olfactory cortical areas in the telencephalon including the anterior olfactory nucleus, the piriform cortex, the olfactory tubercle, the anterior cortical nucleus of the amygdala, the periamygdaloid cortex (also known which have already crossed the midline do not recross
Our previous studies on the developmental origin of Identification of Vertebrate Slit Genes Based on the Drosophila slit sequence, we designed the eyes in the forebrain indicate that midline signaling is essential for segregating an initially equipotential morseveral sets of primers to amplify vertebrate slit homologs by the polymerase chain reaction (PCR). One pair phogenetic field into two retina primordia (Li et al., 1997). We have therefore been searching for novel signaling of primers allowed us to isolate slit homologs from Xenopus and chick embryos. A probe made from the PCR molecules at the vertebrate midline, which led us to pursue vertebrate homologs of the Drosophila slit gene. fragment of Xenopus Slit was used to screen a Xenopus embryonic cDNA library, and cDNA clones encoding a slit mutations were originally obtained in a saturation mutagenesis for mutations affecting larval cuticular patfull-length Xenopus Slit protein were isolated (Figure 1) . By low-stringency hybridization, cDNAs for three Slit terning (Nü sslein-Volhard et al., 1984). slit cDNA was isolated when Rothberg et al. (1988) screened for genes genes were isolated from the mouse. Sequence comparison shows that the Xenopus Slit gene is an ortholog of encoding EGF repeats that hybridized to a probe made from Notch, a gene involved in cell fate determination.
the Slit2 genes of mice (mSlit2) and humans ( Figure 1A ). The predicted full-length Xenopus and mouse Slit proslit mRNA is expressed in midline glial cells, whereas its secreted protein product was found in the midline teins share all the features of the Drosophila Slit protein.
At the amino (N) terminus, there is a putative signal cells and on axons traversing the midline cells (Rothberg et al., 1988 (Rothberg et al., , 1990 . Loss of slit function was thought to peptide characteristic of secreted proteins. There are four leucine-rich repeats (LRR), each surrounded by an cause defects in the differentiation of midline cells and the separation of longitudinal axonal tracts (Rothberg N-terminal and a carboxyl (C)-terminal flanking region. In Xenopus Slit and mouse Slit2, there are nine epidermal et al., 1988, 1990 partial, it contains both LRR and EGF repeats and apcells in the retina ( Figures 3M and 3N) , and the limb bud ( Figure 3O ). These results suggest that Slit may function pears to be an ortholog of the Xenopus Slit gene (Figure 1B) . in many regions of the embryo.
Expression of Slit and Robo1
We have determined the expression patterns of the Slit Biochemical Characterization of Slit and Robo Interaction genes in vertebrate embryos by in situ hybridization. Because the development of the olfactory system is The ligand for the transmembrane receptor Robo is previously unknown, but is expected to be expressed at the best described in rodents, we show here the expression of the mouse Slit and Robo1 genes in regions relevant ventral midline. The expression pattern of Slit in the midline of vertebrate neural tube suggests the possibility to the guidance of axon projections from the olfactory bulb. Both mSlit1 and mSlit2 are expressed in the septhat Slit can be a ligand for Robo, which is further supported by the complementary expression of Slit in the tum (the latter shown in Figures 2A and 2B) , the region previously implicated in guiding axons from the olfactory septum and that of Robo1 in the olfactory bulb. This possibility is also consistent with phenotypic similarities bulb (Pini, 1993) . Robo1, on the other hand, is expressed in the olfactory bulb ( Figure 2C ). Robo1 is also abunbetween slit and robo mutants in both the central and peripheral nervous systems of Drosophila embryos and dantly expressed in the neocortex ( Figure 2C 
Binding of Soluble Slit Protein to Cell Surface
The availability 1995b). We therefore tested whether Netrin could be a morepellent activity at the septum was found to turn the repellent for olfactory bulb axons. In the same assay as olfactory bulb axons away from the midline in rat and that used for examining Slit function, Netrin was not chicken embryos (Pini, 1993 ; Keynes et al., 1997). The found to repel these axons (n ϭ 30) ( Figures 6C and 6E ). expression of Slit in the septum (Figure 2) (Figures 6A and 6E) . When the midline, and the effect of Slit appears to be specific. gates ranges from 100 to 400 m. After collagen gel matrices solidicDNA fragments encoding Slit-myc and Robo-HA were inserted fied, DMEM with 10% FCS and 100 g/ml of penicillin and streptointo modified pIRESneo (Clontech) and pCEP4 (Invitrogen) to make mycin was added. Explants and cells were cocultured at 37ЊC with constructs for stable expression of Slit-myc and Robo-HA. Linear-5% CO 2 and the effects of Slit on olfactory bulb axons were visible ized plasmids and their corresponding vector controls were trans-10 hr after culturing. Explants were fixed after about 12 or 24 hr fected into HEK cells. Antibiotics were added 36 to 48 hr after of coculture. TuJ1 antibody was used in immunocytochemistry to transfection and selection was carried out for three weeks with the visualize neuronal processes. media changed every three days. 300 g/ml of G418 (Life TechnolQuantification of the axon projections from the olfactory bulb ogy) was used to select for Slit-myc stable lines, and 200 g/ml of explants was carried out according to a detailed diagram of the hygromycin B (Sigma) was used to select for Robo-HA stable lines.
scheme Figure between the distal and proximal quadrants; a score of 8, if axons were suspended by pipetting up and down several times and then contacting the cell aggregates, but still with detectable asymmetry; seeded onto 6-well or 24-well dishes to 50% confluence. Cells were and a score of 10, if axons had grown over the cell aggregates and grown for another 12 to 18 hr before incubation with Slit-AP or lFngthere was not asymmetry between the proximal and distal quad-AP conditioned media containing similar amounts of AP activity rants. (approximately 530 OD/ml/hr). After 1 hr of incubation with the condiWhole-mount preparations of olfactory bulb-telencephalon cocultioned media followed by three to four washes in HBHA buffer ture were carried out with a protocol similar to that described in (Hank's balanced salt solution, 0.5 mg/ml BSA, 20 mM HEPES [pH Sugisaki et al. (1996) . Briefly, The telencephalic hemisphere together 7.0]), cells were fixed for 30 s in acetone-formaldehyde fixative (60% with the olfactory bulb were dissected out from E12.5 mice, freed acetone, 3% formaldehyde, 20 mM HEPES [pH 7.0]). Cells were from the pia mater, and placed on a collagen gel. Cells transfected then washed three times in HBS (150 mM NaCl, 20 mM HEPES, [pH with either vector alone or with Slit-myc cDNA were previously la-7.0]) and incubated at 65ЊC for 10 min to inactivate the endogenous beled with DiO (3,3Јdioctadecyloxacarbocyanine, Molecular Probes). cellular phosphatase activity. AP staining buffer (100 mM Tris [pH Aggregates of these cells were put on top of the telencephalon, but 9.5], 50 mM MgCl 2 , 100 mM NaCl, 0.1% Tween 20, 0.17 mg/ml BCIP, not the olfactory bulb. Whole-mount preparations were cultured 0.33 mg/ml NBT) was used to detect Slit-AP or lFng-AP bound at with DMEM containing 10% FBS at 37ЊC with 5% CO 2 . Forty hours the cell surface. Following three washes, mouse anti-HA and antilater, small crystals of lipophilic dye 1,1Ј-dioctadecyl-3,3,3Ј,3Ј-tetramouse conjugated to Cy3 were used to visualize Robo expression.
methylindo-carbocyanine per-chlorate (DiI; Molecular Probes) were GFP expression indicated similar transfection efficiencies in vector inserted into the olfactory bulbs. Eight hours later, the specimens and Robo-HA transfected cells.
were fixed with 4% PFA in 10 mM PBS and kept at 4ЊC before examination under a fluorescent microscope. Assay for AP Activity after Slit-AP Binding to Robo-Expressing Cells Stable cell lines expressing Robo-HA or the vector were seeded in Acknowledgments 24-well culture dishes precoated with 100 g/ml polylysine. Cells were grown to 95% confluence and then incubated at 37ЊC for 1 hr
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